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WEED SCIENCE

Cotton Yield Loss Potential in Response to Length of Palmer Amaranth
(Amaranthus palmeri) Interference

A. W. MacRae, T. M. Webster*, L. M. Sosnoskie, A. S. Culpepper, and J. M. Kichler

ABSTRACT

Field studies were conducted near Ideal, GAin
2006 and 2007 to determine the influence of simu-
Iated delayed emergence of Palmer amaranth at
several densities on cotton yield and weed growth.
Palmer amaranth plants in the 6- to 8-leaf stage
were transplanted at five densities (ranging from 0
to 10 plants per 6.1 m row™) and four time intervals
defined by cotton leaf stage (3-, 8-, 12-, and 17-leaf
cotton). Prior to harvest, Palmer amaranth bio-
mass was removed from the plots and quantified,
Palmer amaranth seed production measured, and
cotton yield determined. When Palmer amaranth
plants were transplanted in 3- or 8-leaf cotton, cot-
ton yield was reduced approximately 6% for every
Palmer amaranth per 6.1 m of row, with a maxi-
mum cotton yield loss of 66%. In contrast, there
was no effect of Palmer amaranth density on cotton
yield when Palmer amaranth established at the
12- and 17-leaf stages of cotton. Maximum Palmer
amaranth biomass, averaged over all densities, was
achieved when Palmer amaranth was established
at the 3- and 8-leaf stages of cotton (9,190 kg ha™),
while Palmer amaranth biomass from plants estab-
lished at the 12- and 17-leaf stages of cotton was
reduced 73%. Palmer amaranth seed production
per plant ranged from 61,000 when transplanted
at the 3-leaf cotton stage to 14,000 seeds per plant
for Palmer amaranth transplanted at the 17-leaf
cotton stage. To avert cotton yield loss, Palmer
amaranth interference should be eliminated prior
to the 12-leaf stage of cotton; later-emerging plants
may not affect cotton yields, but will replenish the
soil seedbank.
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‘ N ]ith the introduction of glyphosate-resistant

cotton, many growers eliminated the use of
soil-applied residual herbicides and cultivation and,
instead, relied heavily on glyphosate to control weeds
(Culpepper et al., 2010). In 2004, Palmer amaranth
(Amaranthus palmeri S. Wats.) with resistance to
glyphosate was confirmed in Georgia at a field site
where cotton was grown continuously and glyphosate
was the only herbicide used (Culpepper et al., 2006).
The mechanism of glyphosate resistance in Palmer
amaranth at this site was over-amplification of
the EPSPS (5-enolpyruvishikimate-3-phosphate
synthase) gene, a unique form of herbicide resistance
(Gaines et al., 2010). Although glyphosate resistance
can be transferred through pollen (Sosnoskie et al.,
2012), it is not clear if this is the primary mechanism of
spread in Georgia. Glyphosate-resistant (GR)-Palmer
amaranth has now been detected in multiple states in
the southern US (Culpepper et al., 2008; Nichols et
al., 2009; Steckel et al., 2008). As 02012, GR-Palmer
amaranth populations have been confirmed in at least
16 US states (Heap 2012). Palmer amaranth with
resistance to other herbicide mechanisms of action
have been documented, including several cases of
multiple resistance (Heap 2012).

Palmer amaranth is a competitive weed species
due, in part, to its season-long germination phenol-
ogy and its high rate of photosynthesis relative to
other C4 plants, which enhances its ability as a crop
competitor (Ehleringer, 1983; Gibson 1998; Steckel,
2007). Palmer amaranth rapidly germinated at 30°C,
with complete germination on the first day, similar to
smooth pigweed (Admaranthus hybridus L.) (Steckel
et al., 2004). In contrast, six other Amaranthus spp.
had much slower rates of germination, taking be-
tween three and eight days to achieve 50% germina-
tion (Steckel et al., 2004). Palmer amaranth readily
grew taller than related Amaranthus spp. (Horak and
Loughin, 2000) and has been observed to increase in
plant height 5 cm in a single day (Culpepper et al.,
2010; Horak and Loughin, 2000). Palmer amaranth
produces numerous roots that are capable of penetrat-
ing soil layers to obtain additional soil resources, likely
providing another competitive advantage over other
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competing species, including crops (Guo and Al-
Khatib, 2003; Place et al., 2008; Wright et al., 1999).
Palmer amaranth interference can significantly
reduce the yield of most agronomic crops. Previous
studies demonstrated maximum potential crop yield
losses due to full season Palmer amaranth interfer-
ence of 54% (1.1 Palmer amaranth plants m™!) for
cotton (Morgan et al., 2001); 79% (8 Palmer ama-
ranth plants m™!) for soybean (Glycine max) (Bensch
et al., 2003); 91% (8 Palmer amaranth plants m™)
for corn (Zea mays) (Massinga et al., 2001); 63%
(13.7 Palmer amaranth plants m™) for grain sorghum
(Sorghum bicolor ssp. bicolor) (Moore et al., 2004);
and 68% (5.5 Palmer amaranth plants m™!) for pea-
mut (Arachis hypogaea) (Burke et al., 2007). Field
studies conducted in Oklahoma determined that
cotton yield losses were 3 and 77% when Palmer
amaranth interference ceased at 21 and 63 days after
emergence, respectively (Fast et al., 2009).
Currently the only options for glyphosate-
resistant (GR)-Palmer amaranth control in glypho-
sate-resistant cotton systems are herbicides applied
prior to Palmer amaranth emergence. In Georgia
the sequential use of pendimethalin plus fomesafen
PRE, metolachlor POST, and diuron plus MSMA
at layby are recommended for the management of
Palmer amaranth (Culpepper and Kichler, 2009).
Individually, none of these herbicides will control
GR-Palmer amaranth for the entire season. Efficacy
and dissipation rate of these herbicides are regulated
by numerous environmental factors that can lead
to variable weed control at any stage during cot-
ton production. Therefore, studies were initiated in
Georgia to evalunate the influence varying lengths of
interference between Palmer amaranth and cotton on
crop yield, weed growth, and weed seed production.

MATERIALS AND METHODS

Field studies were conducted near Ideal, GA in
2006 and 2007 in an area with a history of continuous
cotton and a naturalized population of GR-Palmer
amaranth. Cotton (Deltapine ‘DP-555" B/RR) was
planted 15 May 2006 and 17 April 2007 in rows
spaced 91 cm apart at a population density of 9.8 seeds
m! of row. Planting time was dictated by rainfall pat-
terns, as this study was conducted on a farm that did
not have supplemental irrigation. A broadcast applica-
tion of pendimethalin (1.4 kg ai ha!) was applied PRE
to control undesired weed species. In the absence of
overhead irrigation at this field site, we were unable
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to ensure continual Palmer amaranth emergence at
the appropriate timing and location with each plot.
Therefore, Palmer amaranth plants (six to eight-leaf
stage) were transplanted in the cotton row at densi-
ties of 0, 2, 3, 5, and 10 plants per 6.1 m of row from
adjacent areas within the field. These densities were
established at four biweekly time intervals defined by
cotton leaf stage (3-, 8-, 12, and 17-leaf stage cotton)
and Palmer amaranth emergence. These timings were
selected to approximate the competitive effects of
Palmer amaranth weed escapes from a PRE herbicide
(3-1eaf cotton stage), early and late POST herbicides
(8- and 12-leaf cotton stages, respectively), and layby
herbicide (17-leaf stage cotton). The area of newly
emerged Palmer amaranth plants was treated with
glyphosate (0.87 kg ae ha'') POST at 10 to 12 days
prior to transplanting to ensure that only GR-Palmer
amaranth were used in the study. The soil around each
seedling Palmer amaranth plant (8 cm radius) was
excavated with minimal root disturbance, brought to
adjacent plots in the same field, and transplanted into
appropriate positions and densities in the treatments.
Transplanted Palmer amaranth plants were then
watered to minimize transplant shock. Desired weed
densities were maintained through hand-weeding. At
the conclusion of the growing season, Palmer ama-
ranth seeds per plant were measured, Palmer amaranth
plant biomass was measured and seed cotton yield
determined. Palmer amaranth seed was manually
threshed and weighed; a subsample was weighed and
counted to quantify seed production for each plant.
Cotton yield loss, Palmer amaranth biomass,
and seed production data were subjected to mixed
models analysis of variance (MMANQOVA) (SAS,
2003). Data were transformed prior to analysis to
improve normality and homogeneity of variance.
Cotton leaf stage and Palmer amaranth density were
included as fixed effects in the model; year and the
year by replication interaction were included as ran-
dom effects. Contrasts and regression analysis were
used to further describe the data when MMANOVA
indicated a significant effect of a main factor.

RESULTS AND DISCUSSION

Cotton yield. Data for the early (3- and 8-leaf
stages of cotton) Palmer amaranth transplant timings
were combined due to a statistical similarity in cot-
ton yield response as determined using MMANOVA.
Similarly, late (12- and 17-leaf stage cotton) Palmer
amaranth establishment timings were also combined.
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There was a linear relationship between cotton yield
loss and Palmer amaranth density when weeds were
transplanted at the 3- and §-leaf cotton stages, and
competed with the cotton for 121 to 125 days and
107 to 115 days when transplanted at the 3- and 8-leaf
cotton stages, respectively (Figure 1). Cotton yield
loss increased approximately 6% for every Palmer
amaranth per 6.1 m of row at the early transplant
timings, with a maximum cotton yield loss of 60%
(10 plants per 6.1 m of row). In Texas, full-season
interference from Palmer amaranth densities of 1
and 10 plants per 9.1 m of row reduced cotton yield
13 and 54%, respectively (Morgan et al., 2001). In
Oklahoma, 8 Palmer amaranth per 10 m of row re-
duced cotton yields 53 to 88% (Rowland et al., 1999).

There was no effect of Palmer amaranth density
on cotton yield when Palmer amaranth was transplant-
ed atthe 12- and 17-leaf stages of cotton and competed
with the crop for 94 to 102 days and 80 to 92 days,
respectively (Figure 1). Similar findings of reduced
competitiveness of late emerging Palmer amaranth
populations have been reported with other crops.
Palmer amaranth (8 plants m™! row, 76 cm row spac-
ing) that emerged with the crop and competed for the
entire season reduced yields 79 and 91% for soybean
and corn, respectively (Bensch et al., 2003; Massinga
et al., 2001). When Palmer amaranth emerged 19 to
38 d after soybean planting, there were no detectable
etfects of weed density on crop yield loss (Bensch et
al., 2003). Palmer amaranth that emerged at the 6- to
7-leat stage of corn reduced corn yields 47% at the
highest density (Massinga et al., 2001).

601 @38 Leaf
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Figure 1. Cotton lint yield in response to cotton leaf stage
at time of Palmer amaranth transplanting and Palmer
amaranth density. Contrast analyses indicated that
significant differences existed between the early (3-8
leaf) and late (12-17 leaf) stages. 3-8 Leaf: Y=3.5+5.7X;
p<0.05, R°=0.38. 12-17 Leaf: NS
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In the current study, cotton yield loss estimates
do not include potential losses related to harvest
interference, as the Palmer amaranth plants were
removed prior to picking. Previous research deter-
mined that Palmer amaranth reduced cotton harvest
efficiency 2- to 4-fold, relative to weed-free controls
(Smith et al., 2000). Although Palmer amaranth will
reduce cotton yield quantity, previous research has
shown that cotton fiber quality parameters were unaf-
fected by the presence of Palmer amaranth (Rowland
et al., 1999; Smith et al., 2000).

Palmer amaranth biomass. Palmer amaranth
plant biomass was influenced by both cotton leaf-
stage at the time of Palmer amaranth transplant and
Palmer amaranth density, but not the interaction
between these variables. Palmer amaranth plant
biomass was greatest (9,190 kg ha™!) when Palmer
amaranth was transplanted into treatments with
small cotton plants (3- and 8-leaf cotton stages),
and 73% lower (2,520 kg ha!) when transplanted
into plots with larger cotton plants (12- and 17-leaf
cotton stages). The reduced Palmer amaranth plant
biomass at the two later cotton growth stages reflects
the greater competiveness of cotton compared to the
earlier transplant dates when cotton was smaller, and
supports the differences in cotton yield loss among
these treatments (Figure 1).

A review of the literature concluded that Palmer
amaranth growing in cotton produced greater bio-
mass than 25 other weed species (Askew and Wilcut,
2002). Weed species that produced high amounts of
plant biomass in cotton interference studies included
tumble pigweed (Admaranthus albus 1..) (4,000 kg
ha'l), jimsonweed (Datura stramonium L.) (4,600 kg
ha'!), spurred anoda (4noda cristata (L.) Schlecht.)
(7,800 kg hal), and ladysthumb (Polygonum persi-
caria L.) (8,940 kg ha'!), though all of these studies
had weed densities two- to five-fold greater than
the densities used in the current study (Askew and
Wilcut, 2002; Molin et al., 2006; Rushing et al., 1985;
Scott et al., 2000).

Palmer amaranth biomass at the conclusion of
the growing season increased in a linear manner with
Palmer amaranth plant density per plot (Figure 2).
Palmer amaranth plant biomass increased 1,056 kg
ha'! with each Palmer amaranth plant added between
2 and 10 plants per 6.1 m of crop row. The linear
response is significant because it may demonstrate
a lack of intraspecific interference among Palmer
amaranth as density increased, for the range of den-
sities studied. A previous study found intraspecific
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interference with Palmer amaranth in cotton at lower
densities (0.8 plants m™) than in the current study
(1.6 plants m™! of row) (Rowland et al., 1999). In
grain sorghum, there was no mtraspecific interfer-
ence in Palmer amaranth with the maximum density
of 1.2 Palmer amaranth plants m™! of row (Moore et
al., 2004) . While early season population densities of
Palmer amaranth in research plots and growers’ fields
can exceed 50 plants m™ (with heavily infested plots
approaching 500 Palmer amaranth seedings m),
densities at the end of the season are typically <15
Palmer amaranth plants m™ (Personal Observation,
T. M. Webster). Whether this apparent self-thinning
phenomenon is related to intraspecific interference is
not known, but further understanding of this process
could benefit weed management.
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Figure 2. Palmer amaranth biomass as affected by Palmer
amaranth density. Data points are averaged over cotton

leaf stage at the time of palmer amaranth transplanting.
Y=585.9+1055.9X; p<0.05, R°=0.28

Palmer amaranth seed production. Timing of
Palmer amaranth transplanting significantly affected
Palmer amaranth seed production; Palmer amaranth
density and the interaction between timing and den-
sity were not significant. When Palmer amaranth was
established at the 3-leaf cotton stage, approximately
61,000 viable seeds per plant were produced, which
is equivalent to 1.1 billion seed ha'! at the highest
Palmer amaranth density evaluated in this study
(1.8 Palmer amaranth plants m~). Palmer amaranth
interfering with peanut in North Carolina produced
1.2 billion seed ha! at Palmer amaranth density of
5.7 plants m (Burke et al., 2007). In Kansas, Palmer
amaranth (8 plants m™ row) produced 32,300 seed
m? (323 million seed ha'') in soybean (Bensch et
al., 2003) and 514,000 seeds m™ (5.1 billion seed
ha!) in corn (Massinga et al., 2001). In the current
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study, seed production by Palmer amaranth plants

transplanted at the 17-leaf'stage of cotton was reduced

77% relative to Palmer amaranth plants transplanted

at the 3-leaf stage of cotton, but production was still

approximately 14,000 seeds per plant. As transplant

time during the season was delayed, it was likely that

the larger cotton plants were more competitive than

Palmer amaranth for limited resources (e.g. water,
light, nutrients). However, a previous study deter-
mined that Palmer amaranth flowering was hastened

by short day length, which diverted resources from

vegetative growth, as evidenced through reduced

plant height and biomass accumulation, in favor of
nflorescence production (Keeley et al., 1987). Similar
to the current study, Palmer amaranth that emerged in

6- to 7-leaf'stage corn had 83% lower seed production

relative to Palmer amaranth that emerged with corn

(Massinga et al., 2001). Palmer amaranth (susceptible

to glyphosate) that established in South Carolina

with soybean in narrow rows spaced 19 cm apart

produced 34% fewer seed than those plants growing

in soybean rows spaced 91 cm apart (Jha et al., 2008).
When growing in the absence of competition, Palmer
amaranth planted at monthly intervals in California

between March and October had maximum seed

production (613,000 seeds plant?) from the May 1

planting (Keeley et al., 1987). Relative to the May 1

planting, seed production per plant was reduced 60

and 86% from Palmer amaranth planted June 1 and
July 1, respectively (Keeley et al., 1987). In the current
study, there were no differences in Palmer amaranth

seed viability at the conclusion of the growing season

among Palmer amaranth establishment times or densi-
ties (data not shown).

CONCLUSION

The results of this study demonstrate that GR-
Palmer amaranth plants that escape early manage-
ment efforts can significantly reduce cotton yields
and produce prodigious amounts of viable offspring
(1.1 billion seed ha'!). The lack of irrigation in this
on-farm trial necessitated the use of Palmer ama-
ranth transplants from an area of the field adjacent
to the test to ensure proper densities and appropriate
Palmer amaranth emergence timings. While this
methodology tried to approximate late-emerging
Palmer amaranth plants, it is possible that crop
yield losses were either over- or under-estimated.
However, there were similarities to previous studies
in: 1) Palmer amaranth seed production (Burke et
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al., 2007), 2) cotton yield losses from early-season
transplanted populations in this study and full-season
interference in other studies (Morgan et al., 2001;
Rowland et al., 1999), and 3) reduced yield loss
from late-transplanted treatments in this study and
late-emerging Palmer amaranth plants in other crops
(Bensch et al., 2003; Massinga et al., 2001).

A survey of cotton growers revealed that prior
to the occurrence of GR-Palmer amaranth in GA,
less than 26% of the cotton land was treated with
herbicides that have soil residual activity. A similar
area was treated with two or more residual herbi-
cides at planting once GR-Palmer amaranth became
prevalent (Culpepper et al., 2010). The effectiveness
of these herbicides is dependent upon a number of
factors, including: proper activation through rainfall/
irrigation, lack of herbicide-interception and binding
by mulch residues (Potter et al., 2008; Potter et al.,
2011), and appropriate timing of herbicide activation
relative to weed germination. Herbicides with soil
residual activity often begin to fail prior to cotton
canopy closure, allowing Palmer amaranth to emerge,
compete with cotton for resources, and interfere with
cotton growth and yield. Based on the current study,
Palmer amaranth that emerges before the 12-leaf
stage of cotton is likely to cause the most cotton
yield loss. However, Palmer amaranth that emerges
at the 17-leaf stage of cotton, simulating an escape
from a layby application could produce sufficient
seed to replenish the soil seedbank.
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